| 4
Hrmed Services | echical Information K
Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO

Bl

w o o « = d
e AN el omy,

Thic document is the property of the United States Government. It is furnished for the du-

y ration of the contract and shall be returned when no longer required, or upon recall by ASTIA

o the following address: Armed Services Technical Information Agency,
Document Service Center, Knott Building, Dayton 2, OLio.

f -

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
‘ "1'SED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
1 EUNMENT PROCUREMENT OPERATION, THE .. 8. GO 'ERNMENT TKEREBY INCURS
") R} <PONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
/B NMEKT MAY HAVE FORMYLATED, F'URNISHED, OR IN ANY WAY SUPPLIED THE
3 17 L 1RAV/INGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BZ REGARDED BY
] J ZATION OR QTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
f {% N OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TC MANUFACTURE,
] I CF SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

" UUNCLASSIFIED -

e i W

ol




- Best
Available
Copy




: -
| & WADC TECHNICAL REPORT 56-218

N

GUIDE TO DESIGN OF ELECTRONIC EQUIPMENT
FOR MAINTAINABILITY

JOHN D. FOLLEY, JR. AND JAMES W. ALTMAN

AMERICAN INSTITUTE FOR RESEARCH

APRIL 1956

WRIGHT AIR DEVELOPMENT CENTER




WADC TECHNICAL REPORT 56-218

GUIDE TO DESIGN OF ELECTRONIC EQUIPMENT
FOR MAINTAINABILITY

JOHN D. FOLLEY, JR. AND JAMES W. ALTMAN

AMERICAN INSTITUTE FOR RESEARCH

APRIL 1956

AERO MEDICAL LABORATORY
RADC PROJECT No. 7502
WADC TASK 71502

WRIGHT AIR DEVELOPMENT CENTER
AIR RESEARCH AND DEVELOPMENT COMMAND
UNITED STATES AIR FORCE
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

Carpenter Litho & Prt.g. Co., Soringfield, O,
1600 - June 1956

Nyl




FOREWORD

This report was prepared by the American Institute for Research
urder Home Air Development Center Project Number 750" entitled:
Human Engineering of Equipment for Maintenance Efriciency, Wright
Air Development Center Task 71502 entitled: OGul .e or w50
Engineering of Electronmic Equipment for Ease of H.:'ntenance.

The project was administered by the Psychology Branch, Aero
Medical Laboratory, Directorate of Research, Wrig' % *ir Develop-
ment Center, with Dr. Gordon &, Eckstrand serving s rroject
Engineer.

Users of this report are invited to submit to the Pe¢yenology
Branch comments which would be useful in adding t¢ ~v revising
material contained in this Adocument.

This report has been released to the Armed Services T~ pical
Information Agency, Knott Building, Dayton 2, Ohio., Lt has also
been released to the Office of Technical Services, Department of
Commerce, Washington 25, D. C. for sale to the general public,

The authors are especially grateful to Dr, Eckstrand for his
interest and many helpful suggestions. Acknowledgment is also
due Dr. Robert B. Miller who served as Principal Inwve:iizator
on the project. Mr. Wesley Rohrer worked out the examples of
job aids presented in Section 5.

Space prevents individual acknowledgment of the eff.>+< of the
many other contributors to the guide. Mention must = made,
however, of the scores of Air Force electronic technicians who
provided much of the data on which the specific recomme. ‘2itions
are based. A very special thanks is due to the six.y or so
reviewers who contributed so generously of their tire, experience,
and knowledge in criticizing previous versions of the rmide and
suggesting improvements,
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ABSTRACT

A major problem faced by the military services is effective
maintenance of complex electronic equipments despite shortages
of highly skilled maintenance t:chnicians, This guide is
intended to help alleviate this sroblem by Trecommending design
practices which will maximigze the ease with which electronic
equipments can be maintained., Factors to be considered in
planning for maintainability are briefly reviewed, A
schedule of steps to be taken in designing a maintainable

system is presented, Specific characteristics are recommended
for equipment and maintenance procedures,

PUBLICATION REVIEW
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® Introduction

WHY THE GUIDE WAS WRITTEN

—

This guide was writicn to wovide principles to be applied during
electronic equipmer: aov- lopment for "building in" provisions for
more effective mainters. . =,

it is intended to help minimize maintenance difficulties which

in the past have resulted from inadequate consideration of mainte-
nance needs and capabilities and limitations of maintenance
personnel,

The basic premise of the guide is that relatively small expendi-
tures of time and money for maintainability will produce much
larger savings in maintenance costs.

INTENDED AUDIENCE

This guide was written for all persons who have an important role
in designing maintainable electronic systems for the Air Force,

All such individuals are referred to as "designers" in this volume.

"Designers” include those who:

1. Specify the required characteristics of prime
equipments or maintenance supports such as
test equipment, tools, and maintenance
instructions,

2, Develop prime equipments or maintenance supports.

3. Monitor the develr.ment of equipments or mainte-
nance supports,

4. Perform engineering or operational suitability

evaluations or decide whether a given system
should be accepted for operational use.

WADC TR 56-218 2
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® Introduction

LIMITATIONS OF THE GUIDE

Many recommendations in this guide are "ruies of thumb,n Some
are not yet supported by adequate research data because human
engineering for maintenance is new and relatively undeveloped,

The guide will not provide answers to all problems in designing
for maintainability. There will be many instances in which the
designer will have to make specific decisions based on incomplete
information,

SCOPE OF THE GUIDE

Two aspects of maintenance may be defined:

Maintainability is a function of the rapidity and
ease with which maintenance operations can be
performed to help prevent malfunctions or correct
them if they occur,

Reliabiljzx is the probability that a product will
give satisfactory performance for a given period

of time when used in the manner and for the purpose
intended.

Thi:s volume deals with maintainability, not reliability. Maintain-
abilivy may, however, affect the reliability of a system, For
example, reliabiiity will be reduced if preventive maintenance

is inadequate,

This guide 1s concerned with design features which affect preventive
and correclive maintenance of ground and airborne electronic
systems, Maintenance includes inspecting, checking, trouble
shooting, adjusting, replacing, repairing, and serviecing, The

WADC TR 56~21¢ 8




® Introduction

factors of supply, selection and training of maintenance person-
nel, physical facilities for maintenance and provisions for
modification also affect maintainability. Detailed recommendations
on these factors are not included in this guide.

MAINTAINABILITY VERSUS PERFORMANCE REQUIREMENTS

Maintainab lity requirements for electronic equipment have been
extremely vague as compared to the detailed performance require-
ments usually specified. Insignificant performance requirements
have sometimes' been met by design of trick circuits or unusual
components which have increased maintenance difficulties., Specific
recomendations for maintainability should encourage ths con-
tractor and the Air Force to work out satisfactory compromises
between maintainability and performance requirements,

ORGANIZATION OF THE GUIDE

The major sections of the guide are:
Sectio. ©, Introduction to the Guide
Section 2, Factors in Planning for Maintainability
Sectiont 3. A Design Schedule for Maintainability

Section i, Recommended Characteristics for Maintainable
Equipment

Section 5. Recommended Characteristics for Maintenance
Procedures and Job Instructions

WADC TR 56-c18 L
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Overview of Factors in Planning for Maintainability

In planning effectively for maintainability, the designer must:

1.

2,

3.
ke

Integrate the design of all maintainability
supporte to insure compatibility,

Take ir ;o account personnel capabilities and
limitations,

Allow for difficult field conditions,

Coordinate his efforts with others in the
development sequences,

Each of the four subsectic.,s which follows presents recommendations
concerning these factors,

WADC TR
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9 Maintainability Supports
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MAINTAINABILITY SUPPORTS

Planning for effective design requires systematic consideration
of the maintainability supports shown below.

Matintainable

i :..:::-__...IL - --__ .
: N> Prime Equipment

G Moditication Coneegt

Maintenance Procedures
P/ l and Diagroms
| Provigions for Supply ;

| .
' 6‘/‘) &

Work and Storage
Facilities

Personne! Requirements

WADC TR 56-218 i




® Maintainability Supports

Prime Equipment

Unless the prime 2quipment is itself maintainable, all other
maintenanc. design is useless. Design of prime equipment for
maintainability should include:

1. Self-checking features or test points avail-
able for checking by auxiliary equipments.
These test features must permit trouble
shooting down to each replaceable or repair-
able portion of the system at each maintenance

level.

2, Easy access tc and identification of test
points and equipment units.

Test Equipment

Functions of the prime equipment not self-checking must be checked
by auxiliary test equipments. These test equipments must be
provided for all levels of maintenance.

Maintenance Procedures and Diagrams

Effective maintenance requires that procedures and diagrams be
an integrated part of equipment development, They should be
available when the equipment first must be maintained,

Tools

Required special tools should be designed simultaneously with
the prime equipment; necessary common hand tools should also
be specified.

Maintenance Personnel Requirements

The equipment designer is in the best position to provide infor-
mation needed for training maintenance technicians prior to use

of the equipment. This advance training permits effective mainte-
nance from the time the equipment first enters the field.

WADC TR 56-218 8
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® Maintainability Supports

Work and Storage Facilities

Design of the equipment and auxiliary materials, such as test
equipment, has a strong effect on the facilities required, Unless
the designer provides adequate advance information, construction
of these facilities must wait until the equipment is available,
This delays achievement of a satisfactory maintenance capability,

Provisions for Supply

Equipment designers should take an active role in working with
the Air Materiel Command so supply channels will be ready and
provided with spares when the equiprent goes into operation,

Overhaul Facilities

The equipment manufascturer should coordinate his plans for over-
haul with the Air Materiel Command and operating commands so that
minimum waste and confusion will result from integration of new
equipment into the Air Force,

Modification‘Concept

Coordination by mnufacturer, Air Materiel Command, and Air Research
and Development Command will minimize both the number of nodifi-

cations and the disruption oi' maintenance operations resulting from
necessary changes,

Installation

Close coordination of equipment design features and characteristics
of the proposed installation is required throughout development to
insure a maintainable system.

WADC TR 56-218




® Physical Dimensions of Personnel

PHYSICAL DIMENSIONS OF MAINTENANCE PERSONNEL?!

—hengia Minimum length required

for crawling:

-

! i
Height 59 rches
Minimum height required
for crawling:
31 inches
— Length — , Minimum length for

working in prone position:

96 inches

Minimum height for
working in prone position:

17 inches

Maximum allowable
depth of reach:? 23 inches

1, Dete furnished by the Anthropology Section, Biophysics Bz-m'xc‘zua Asro Medical Lab
Wright Air Development Center, [Thes: date sre alsc yresen in Baferenews 11 r
are from 40 sels subjscts, myer agw M 4 E.ﬂ'l_ sions given should mels

f tachnicisne, WOSTUTS

m];.uirmt suitahle for 951 mants wers telmm on oule wobjects;
clothing was added oy the present authors for m«m- of illustration. Subjects wesring

clothes would have slightly larger dimensions those shown,

Additional data on body meesurements are presented in Bu'hb'i . Daniels sud Churchill
§. ference 10),

{Reference 3): Woodson (Reference 8); snd the Tufts Handbook
2, Based on informsl measurements by suthors,

WADC TR 56-218 10
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Maximum allowable
overhead reach:

76 inches Overhead

Minimum dimension for
passing body width:

20 inches

WADC TR

® Physical Dimensions of Personnel

Minimum overhead height
for standing position:

73 inches
Reach

Minimum dimension for
passing body thickness:

13 inches

56218 11




® Weight Lifting Capacity

WEIGHT LIFTING CAPACITY!

1501
G\
Maximum
Allowable
Weight 100+
(lbs.)
50+
O 1 L i L
1 | T .
0 1 2 3 i 5

Feet Above Floor

Caution: These weights are absolute maximums
for lifting a unit of convenient size and shape
with unlimited work space,

Design should aim for much smaller weights to
account for realistic work conditions.

1, gng\_xblished data furnished by Anthropology Section, Biophysics Branch, Aero
edi

cal Laboratory, Wright Air Development Center, Dats are from 19 male

sub jects; average age 2i,6 years, average weight 151,2 ounds, aver height
69.5 inches, Ninety five per cent of techaicians should be sble to Iift these

weights under the conditions specified.

WADC TR 56-218 L2
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MAINTENANCE SKILLS OF TECHNICIANS

The skill level of maintenance technicians is important to the
equipment designer sjince equipments demanding skill levels
higher than those available will not be maintained successfully,

Technicians cannot be assumed to have a high level of interest or
previous work experience in electronics, About all that can be
expected is in-service training and some high school educati on,
not necessarily graduation,

Maintenance supervisors report that technicians are able to
perform only simple maintenance tasks when they complete their
training, Consequently, mch on-the-job training is usually
required. The short average length of enlistments resulting from
low re-enlistment rate leaves little time for techmiciars to
achieve high job proficiency,

One result of this situation is that technicians more frequently
make errors on the job than more experienced personnel, For
example, they have been reported to use hand tools for wrong
purposes; damage equipment by switching to wrong ranges; not
follow checklists; handle components carelessly; and replace

units without locating a malfunction, Designs directed toward
reducing the likelihood of occurrence of these errors will improve
over-all system performance,

Conclusion: It may be necessary for the designer to "build in"
features for maintenance that would mot be required if he were
maintaining the equipment himself, Specific recommendations for
such features are in Sections ) and 5, A procedure for incorpo-
rating these recommendations during equipment development is
suggested in Section 3,

WADC TR 56-218 13
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® Conditions for Mudintenance

MAINTENANCE CONDITIONS TO CONSIDER IN DESIGNING
FOR MAINTAINABILITY

The designer must be aware of the many conditions in the field
that affect maintainability if he is to design equipment that

is compatible with them, Since most design engineers have limited
opporturnity to observe maintenance operations first hand, some

of the more important conditions are listed below.

Conditions for Operator Maintenance

It is obvious that in interceptor and fighter éircraft the oper-
alor cannot leave his seat to perform maintenance. This is
becoming increasingly true of bomber airecraft,

The operator must frequently take over the functions of malfunc-
tioning portions of 2 system., Weight and space limitations
usually prohibit duplicate circuits for standby,

The amount of training in maintenance procedures that can be
given all uperators is severely limited,

The operator may be working under high combat stress,
at high speed, and be encumbered by a parachute,
pressure suit when maintenance is required,

traveling
Mae West," ang

Conclusion: The designer must provide the operator with signals
To———— 1€ designer . :
that clearly indicate malfunction, and with unambiguous instruc-

tions for action that will compensate for the malfunction,

WADC TR 56-218 1




® Conditions for Maintenance

Conditions for Line Maintenance

Method of work assignment:

Assignments may be spoken or written, Trouble-shooting assignments
Sometimes are Very ‘general, such as "radar out

Use of Technical Orders:

Shortages of test equipment occur, Examples have been observeq

of partially damaged test equipment, being kept in operation because
sending it to the depot for repair would take too long, snd
replacements were not available,

Ground power units are not always available in sufficient
quantity; when they are used, their engine noise makes communi -
cation between technicians difficult,

Working conditions:

WADC TR 56-218 15
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® Conditions for Maintenance

Temperatures range from sub-zerc to tropic heat, Working in a
body position which may be only mildly uncomfortable in moderate
temperature may become almst intolerable in & few minutes of
extreme heat, Perspiration makes the technician's hands slippery
so that objects will tend to slip from his grasp., In low
temperatures, stiff fingers make fine movements very difficult
and make the technician tend to drop tools and :quipment,

Weather changes can delay line maintenance operations on aircra’t
which are not protected, If access panels are open and rain
starts, maintenance activities have to be suspended and the
equipment quickly covered to prevent its getting wet., In a
season of sudden brief showers long delays may occur in performing
maintenance jobs.

Radio and radar interference from nearby equipments sometimes
clutters check indications,

There is usually very little room for technicians to spread out
diagrams, instructions, and tools.

In addition to the above conditions,line maintenance is fre-
quently performed under severe time stress as a result of
operational requirements,

Conclusion: Conditions for line maintenance are more severe than
for other levels. Consequently, the designer should give special
emphasis to designing for maintainability at the line level.

Conditions for Shop Maintenance

Incompatibility between the extent of maintenance specified and
provisions for accomplishing this maintenance cause much diffi-
culty in accomplishing shop maintenance. Shop personnel fre-
quently lack information, tools, test equipment, or spare parts
needed to accomplish the maintenance expected of them, Physical
factors such as temperature, lighting, or space seem to be
relatively less important.

WADC TR 56-218 16




® Conditions for Maintenance

Conclusion: The designer must provide a complete description of
facilities and equipment required to accomplish specified shop
maintenance, CSending units to the depot which could be repaired
at the shop level clogs suppiy channels and increases equipment
down time for repairs,

Conditions for Periodic Maintenance

Conditions for periodic maintenance tend to include both those
for line and those for shop maintenance, Periodic maintenance
Y may include both functional checks and inspections for physical
damage, Checks and inspections may be made on'installed equip~
ments or the equipments may be removed from installation as part )
of the periodic maintenance.,

Conditions for ali Levels

A shortage of qualified personnel to perform maintenance is
reported by supervisors as the chief problem in getting mainte-
nance done. Maintenance officers have reported that only a
small proportion of assigned personnel are able to perform ade-
quate maintenance without close supervision., In most cases the
primary complaint was that the personnel were mnakle to do the
Job rather than that not enough personnel were available,

Delays encountered in ordering components or parts may vary
from a few hours to several weeks or months,

Shortages in supply lead to cannibalization of mock-ups to keep
operational equipment in satisfactory condition., Becsuse the
mock-up is used as an important test instrument, putting it out

of commission tends to reduce the effectiveness of the maintenance
on the operational systems,

WADC TR 56-218 17




® Design Coordination

Implications for the Designer

Conditions in the field make maintenance difficult ever with good
design for maintainability.

The designer must therefore make certain that the design of his
system for maintainability is the best that can be achieved.
Inadequate maintainability may make it impossible for maintenance
activities to keep up with operational requirements. :

g COORDINATING DESIGN FOR MAINTAINABILITY

Importance of Effective Coordination g

Inadequate coordination during design has resulted in serious
difficulties in designing for maintainability. Critical test
points have been left out of plans without the project engineer
being informed. Aircraft configuration changes affecting elec-
tronic equipment have been made without the electronic system
contractor being informed. Electronic system coatractors have
changed size, weight, and shape of the equipment without inform-
ing the aircraft designer, and operating characteristics have
been changed without informing test equipment engineers,

The designer can minimize problems of this kind by following
the recommendations in this guide,

WADC TR 56-218 18




® Design Coordination

Responsibilities in Coordination

Individual Design Engineers

Each design engineer must assume responsibility for designing
his portions of an electronic system in accord with the general
principles in this guide, He must coordinate this design with
the total system design. This is not to say that each design
engineer should assume the responsibility for coordinating the
maintainability characteristiecs of the total system. It does
mean that each design engineer should cbtain enough information
to assure that the maintainability characteristics of his
portion of the system are compatible with the total design of
the system. He should also keep others informed concerning
those maintainability characteristics of his porticn of the
system which might affect design of cther portions, Remember --
the system includes all of the maintainability supports, not
just prime equipment,

Maintenance Design Specialists

Assignment of maintenance design specialists to development
projects in adviscry and/or decision-making capacities is
desirable, Such specialists can cosrdinete the needs of the
operating command with the work of the prime contractor,
electronic equipment contractors, Air Force project offices,
and the various Air Force human engineering laboratories, They
can also coordinate maintainability considerations to ensure
that maintainability requirements are being met at each phase
of the on-going system dewvelopment.,

WADC TR ©6-218 1
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® Design Coordination

Techniques for Cootdination

Coordination Conferences

Conferences should be held at regular and stated intervals,
Additional conferences can be held whenever major decisions
affecting maintainability must be made between scheduled con-
ferences. It is expected that few conferences will be devoted
exclusively to maintainability of the equipment being designed,
but maintainability considerations should be adequately repre-
sented in agenda and in conference personnel,

Each person whose work will be affected by decisions reached or
who should undertake action on the basis of decisions reached
should receive a copy of the conference report, This does not
mean that each draftsman or factory worker whose work might be
affected by the conference should receive a conference report.,
It does mean that someone up the chain of command should receive
the report and be responsible for transmitting appropriate
information to the proper individuals at the time needed in
order for them to carry out the decisions effectively.

Limitations of conferences: Conferences aid coordination by
permitting rapid interchange of technical information and Judg=-
ments of experts in various areas, Conferees must remember,
however, that all points of disagreement and all decisions are
not best resolved by vote, In technical areas such as engineer-
irg or designing for maintainability, deferring some decisions
until even a small amount of empirical data can be collected may
be the best approach to the problem, In other cases; relying on
the judgment of experts in the area may be the hest sclution,

Periodic Reports i

Maintainability should be an integrated part of almost all periodic
reports. It is extremely wasteful to begin maintainability design
af'ter engineering design has reached advance stages, When this
occurs, there are likely to be two types of unfortunate results:

1. Imperative maintenance needs are met by time~
consuming and costly redesign.

WADC TR 56-218 20




® Design Coordination

2. Many desirable maintainapility features are
not incorporated in the equipment design because
they would require expensive retrofit. These
features may have cost very little if they had
been incorporated in the original design,

r

One way to ensure that maintainability design is not "too little
and too late" is to have persons responsible for maintainebility
design prepare a section in each periodic repori reviewing pro-

gress on maintainability design and emphasizing the way in which
it parallels the basic equipment design.

When Coordination is Required

In additicn to other coordination requirements, agencies involved
in equipment design should send out information to other agencies
whenever:

1. Decisions are made which affect maintainability
design.

2. Information is obtained which augments or super-
cedes maintainability information previously
disseminated to other agencies,

3. An important phase of maintainability planning
or design has been completed.

Li. Any deviation from previous maintainability
planning is contemplated.

WADC TR 56-218 21
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@ Desian Coordination

Agencies should request information from other agencies whenever:

1. Any other agency has not prcvided complete
information concerning aspects of maintain-
ability design for which it is responsible,

2. A major phase of maintainability design or a %
major decision concerning maintainability is
to be undertaken, This will usually be a
request for confirmation of information
previously obtained,

WADC TR 56-218 22
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¢ Design Schedule

OVERVIEW OF THE DESIGN SCHEDULE

This schedule is intended to help the designer effectively build
maintainability into the system during its develomment. The
steps to be taken at each age in the developmental cycle are
suggested. The cycle given here is necessarily generalized

because the developmental history of each system is unique in
some respects.

A summary is given of the steps to be taken at each develcpmental
stage; then each step is taken up individually and the substeps
for accomplishing each are spelled out.

All of these equipment develomment stages may not be carried
out in the development of a particular weapon system. In such
cases all of the steps in designing for maintainability should
still be accomplished, to the extent that this is possible.
The "designing" steps in particular should be fitted in, even

if some of the steps for testing the maintainability must be
omitted.

Special emphasis is given to maintainability considerations in
designing the developmental model, since it is at this stage in

develomment that a great many virtually irreversible decisions
are made affecting maintainability.

GENERAL PRINCIPLES IN DESIGNING FOR MAINTAINABILITY

Decisions on maintainability must be made before or during design
of the develommental model. Changes in design after tnat are
usually judged too expensive or time consuming, and maintain-
ability suffers.

Review the implications of each decision before it is made final.
Only in this way can all maintainability requirements be kept
reasonable. Every decision concerning maintainability affects
almost every other decision.

WADC TR 56-218 2L




Coordinate all decisions with other designers or agencies.
Each part of the system has to be compatible with the parts
being developed by others.

s

WADC TR 56-218 25

® Design Schedule

L




® Design Schedule

SUMMARY OF STEPS IN DESIGNING FOR MAINTAINABILITY

Stage of Equipment Design Steps in Designing for Maintainability

Preparation of Planning 1. Prepare realistic objectives for

Documents,

maintainability,

Study of previous systems.,

Review experience on previous systems

for application to maintainability of
new system,

Development of breadboard
and experimental models,t

Establish adjustment points and self-
compensating features,

Design of developmental
model .1

Determine maintenance levels.

Divide equipment into units.

Prepare maintenance procedures.
Determine requirements for maintenance
supports,

Review and modify design for maintaina-
bility.

Translate design for maintainability
into actual equipment and maintenance
instructions.

Testing of developmental
model - L

10.

Make preliminary tests of maintaina-
bility and modify design as necessary,

Testing of service test
model.l (Operational
Suitability Test)

11.

Make full-scale tests of maintaina-
bility and modify design as necessary.

Evaluation of prototype
(preproduction) model,.l

Evaluate maintainability of the system,

Engineering changes.,

Correct deficiencies in maintainability
of production equipment., \

Review engineering changes for effect
on maintainability.

1, Models are defined in the Glossary of this report according to MIL-STD-243,

Military Standsrd Types and Definition
Equipment, 12 Japuary 1954,
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STEPS IN DESIGNING FOR MAINTAINABILITY
Step 1. Prepare Realistic Okiectives for Maintainability

These objectives are guide lines for the team of designers
developing a new system; as such, they are extremely important.
If they are ton stringent, valuable development time and funds
will be wasted in trying to reach unattainable goals. If they
are too lax, maintainability will suffer.

One important objective to be specified for maintainability
is the maximum allowable turnaround time for line maintenance.
This turnaround time directly affects the number of equipments
that must be available in order for a Specified number to be
combat ready under varicus conditions. Turnaround time,
therefore, should pe a part of the operational requirements of
the system, and maintainability design should aim to meet this
requirement.

Turnaround time specified in tnis way provides a solid base
upon which maintenance levels can be establish=d, the equip-
ment divided into units, and maintainability Supports designed.
Witiiout this requirement stated, decisions on these problems
are more arbitrary and the results less useful.

Principles for Preparing Objectives

Consider the Way maintenance of the new System will best fit
the Air Force plans for use of the system.

For example, if the equipment is to be based almost exclusively
outside the continental United States, depot maintenance require-
ments should be minimized.

Constantly veview the effects of one objective upon the others.

Practically all the objectives will be interrelated, soc that
stringent requirements for one phase of maintenance may raise
problems for another. Thus, a requirement for rapid checkout
at the line level may necessitate elaborate automatic test
equipment which may be difficult to maintain.

WADC TR 56-218 2
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This does not imply that such a. requirement should not be made,
but rather that the need for the rapid checkout first be
verified.

Content of Objectives for Maintainability

Contractual provisions for development of maintainability supports.
These supports are listed on pages 8 and 9 in Section 2.

Limitations cn final characteristics of the above supports.

For example, should go, no-go test equipment be developed so
. that untrained personnel can use it?

Schedules for phasing develcpment of maintainability supports.

Phasing should be such that there is little chance that supports
will be developed too early, resulting in wasted effort if the
prime equipment is not acceptable; but there must be a high

! likelihood that these supports will be ready on time if the
prime equipment is accepted and produced.

Step 2. Review Previous Systems
Careful analysis of earlier, similar systems is likely to assist
the designer by making evident:

1. Maintainability features of the older systens
that are applicable to the new systen.

2. Defects in the maintainability of the older

system that should be corrected on the new
system.
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Sources of information for this analysis are:

1. Unsatisfactory Reports, Failure Reports, and
Tear~down Deficiency Reports.

These are most likely to point out field
changes that had to be made for maintenance.
The need for such changes can be minimized

by building the necessary features into the
new system.

2. Interviews with maintenance personnel.

These personnel are likely to recall some
design features of the earlier systems that
made maintenance particularly easy or part-
iculerly difficult. Inquiring £eparately
about each maintenance task, such as preflight
or alignment, will probably yield most
information.

3. Designers of previous systems.

Reports of unfruitful approaches to design
for maintainability in the type of system in
question, or suggestions for shortecuts in
reaching certain decisions for this type of
system should be obtained.

Step 3. Esiablish Adjustment Psints and Self-Compensating Features

The purpose of this step is to minimize the adjur ments that
will be required in normal ;naintenance. The following substeps
are suggested:

Check through the entire circuitry of breadboard and experimental
models and list each component, that is adjustable (otner than
by the operator's controls).
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Replace as many of these components as practicable with
components which dc not require adjustment. Adjustments can
be eliminated through the use of:

1. Components which will be less inclined to
drift due to aging, shock, vibration, etc.

2. Positive feedback circuits to compensate
automatically for drift.

3+ Circuits with safety margins large enough to
accept all of the shift in performance
anticipated.

If none of the above steps is sufficient to prevent drift beyond
tolerance limits, an adjustment point will probably be required.

Step 4. Determire Maintenance Levels

Decide the extent of maintenance to be performed at each main-
tenance level. The levels will probably be line (organizational),
shop (field), depot, and periodic. The extent of maintenance
recommended for each level should not be influenced by the way
technicians will be assigned to the levels in the field. Whether
a given man works in one level or two has little effect on what
is the optimal division of functions between levels.

Line maintenance shculd be given primary consideration in design-
ing for maintainability. This is the one level of maintenance
which will necessarily be part of the maintenance picture, since
this is the level ' of activity directed toward keeping the entire
system in satisfactory operating condition. Tais is also the
level at which the most serious maintenance problems seem to
have occurred in the past. Maintenance at this level is usually
under the grzatest time stress. Delays in line maintenance are
more likely to interfere with the functioning of operating
organizations than delays at other levels. If there is a choice
as to where added maintenance burdens should be placed, it will
usually be less detrimental to total maintenance to place them
on shop or depot than it will be to place them on the line.
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Step 5. Divide Equipment into Units

Planning for division of the equipment into units should begin
when schematics become available. Results of this planning
should be recorded on wiring and/or layout diagrams.

Divide the equipment into replaceable units in the following
steps:

1. Plan the division of equipment into line
replaceable units.

2. Plan the division of line replaceable units
into shop replaceable units.

3. Plan the divisien of equipment into depot
replaceable units.

In each of the above steps make certain that the division or
equipment into units is compatible with the following factors.
Compromises will probably be recuir.:i.

1. Over-all planning for maintenance as reflected
in objectives for mairtainability and descrip-
tions of the various maintenance levels.

2. Recommendations for design of units presented
in Section L, pp. Ll to 52,

3« Good engineering practice. This involves such
factors as grouping together equipment functions
that will not interferes with each other,
Jrouping together components which all use the
same voltages.

L. Econamic considerations. These will usually
not conflict seriously with tae above
coasiderations. Where they do, remember
that greater initial cost for good engineer-
ing or maintainability is likely to be regained
in lower maintenance costs in addition to being
a sound investment in combat readiness.
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Consider the following in making these decisions:

For the line level the most important requirement is that the
line technician, using the test equipment and tools assigned
to him, will be able to isolate and rsplace malfunctioning
units within the time allowed by the operational situation.

Particular attention should be given to the possibility of
designing built-in test circuits for the use of the line
technician. It is essential, of course, that such test
circuits be highly reliable.

The considerations in dividing line replaceable units into shop f
replaceable units are similar to those in dividing the total
equipment into line replaceable units. ,

-

Relatively more emphasis should be given, however, to the effect
this division will have on requirements for logistics, training,
tools, test equipment, and shop maintenance procedures.

Considerations in dividing the equipment into depot replaceable
units are similar to those for line and shop except that economic
considerations are paramount.

Whether a given assembly should be repaired and put back into
service or discarded when it malfunctions depends on which
alternative is more expensive. If the cost of facilities,
equipment, and manpower for finding the trouble in assemblies
and making the repair is greater than the cost of new
replacement assembliecs, the assemblies should be discarded
when they malfunction. Conversely, if repair is relatively
cheap, -the assemblies should be repaired for re-use.
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Step 6. Prepare Meaintenance Procedures

Make a list of Precedures to be Prepared. Consider the main-
tenance levels one at a time.

For each level examine tre probable needs

for both preventive
and corrective maintenance.

Make certaipn that procedures are listed for ins

adjusting, replacing, repairing, trouble shooti
when appropriate.

pecting, checking,
ng, and servicing

Prepare procedures first for lire level, then shop level, then
depot level, then periodic maintenance. A form similar to the

sample shown on page 1)2 in Section S will minimize anissions
from any Procedure.

L U SO

Constantly review the effect of the Procedures on the require-

ments for other intainability supports; keep requirements
reasonable.

Itens to consider include:
1. Test points built into the equipment,
2e  Test equipment, either standard or special.

3. Controls and indicators other than those
already provided for the operator.

. Tools, either standard or special.

‘R
.

Special information such as check readings

which the technician whe uses the procedure
may require.

Review the procedures for conformance to recommendations in
Section ¥ and to operatiorial requirements of the system.

It will probably be celatively easy to correct lack of conformance
to recommendations in this puide. Conflict with operaticnal
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requirements, however, may be more sericus. If any procedure
conflicts with the cperational requirements (e.g., line trouble
shooting cannot be done within the time allowed) the procedure
should be revised. Changing the division of equipment into
units or even redistribution of tasks among the various
maintenance levels may alsc be required. In the event that

all reasonable efforts at bringing the procedures into
conformity with operational requirements fail, request a change
in the operational requirements.

Step 7. Determine Requirements for Maintainability Supports

Go through each procedure step by step, and write down for each
step the requirements for maintainability supports. Requirements
will be adequately stated if each standard job support is listed
and nonstandard items are described in detail for each of the
following items for each maintenance level.

1. Prime Equipment Characteristics

a. Special controls

b. Special indicators

c. Test points

d. Special connections

e. JSpecial constructional configurations
f. Special installation features

2. Test Equipment Characteristics

a. Standard
b. Special -

3. Bench Mock-ups

L. Tools
a. Standard
b. Special

S. Information needed to perform the procedures

(Readings and tolerances that will be needed by
che technician)

©. Installation cnharacteristics
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Collate the requirements from various maintenance levels and
procedures to form a single list. This eliminates duplication
in requirements for maintainability supports and results in a
single set of non-overlapping requirements.

Requirements for personnel, work and storage facilitiés,
supply channels, overhaul facilities, and equipment modification
should also be identified and described.

Suggestions for these items are not included in this guide.

Step 8. Review and Modify Design for Maintainability

Review for reasonablsness the requirements for each main-
tainability support.

Te following questions can be asked about each support to help
decide about its reasonableness:

1. Can it be obtained or developed within the
budget and time limits of the project?

2. Can it be supplied and be used for typical
field conditions?

3. Will it be economical to train personnel to
use this job support?

ke Do the advantages of the item outweigh the
cost of developing, procuring, and maintaining
it?

Similar questions can be asked concerning whole classes of
maintainability supports, e.g., test equipment, tools, etc.

They can also be asked concerning all maintainability supporis
taken as a whole. Requirements taken as a group may be excessive
even though requirements for no single support may be excessive.
Thus a review of total requirements as well as individual
requirements should be made.

1. Provisioring of support items should be in accordance with Document MCP 71-650,
Ground Support Equipment and Spare Parts Therefor Provisioning Document for
United States Air Force Coniracts, 25 April 1955,

WADC TR 56-213 35




S e

? Design Schedule

Modify design recommendations if any requirements for maintain-
ability supports are not reasonablee.

Keep in mind that procedures, design of equipment, and maintenance
levels are interdependent. Modification of one may also require
modification of the others. If certain requirements for maintain-
ability supports cannot be made reasonable within existing
operational requirements, it may be necessary either tc revise

the criteria of reasonableness (e.g., increase the hudget for

test equipment) or modify operational requirements (e.g., increase
the time allowed for line trouble shooting).

This review and modification must be completed before engineering
design reaches the point where changes cannot practicably be
made.

Step 9. Translate Design for Maintainability into Actual Equipment and
Maintenance Instructions

This step includes fabrication of actual items of prime equipment
and its maintenance support equipment such as tools and test
equipment. It also includes the writing of maintenance job
instructions in form for use by maintenance technicians. It
should be scheduled into the total developmental sequence so that
maintenance support items become available at about the same

time as the completed developmental model of the prime equipment.

Step 10. Make Preliminary Tests of Maintainability and
Modify Design as Necessary

Preliminary testing of maintainability is accomplished as a part
of engineering testing of the developmental model by:

Using the procedufes developed for use by Air
Force technicians in the field.
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Using all auxiliary equipments specified for use
by Air Force technicians in the field.

Using as maintenance perscnnel Air Force technicians
with training similar to that planned for those
who will maintain th equipment in the field.

It is likely that it will be practical to meet these conditions

in only a small part of engineering testing. It may even be
necessary to set aside some portion of the test period specifically

for this purpose. But it should be done.

Modify design to correct deficiencies discovered in maintain-
ability.

Step 11. Make Full-Scale Tests of Maintainability and
Modify Design as Necessary

Full=scale testing of maintainability is accomplished as a part
of the Operational Suitability Test by closely simulating
maintenance field conditions during the test.

Particular attention should be given to adhering to the conditions
suggested for preliminary testing of maintainability.

Participation of a specialist in maintainability in this testing
is likely to be very helpful in discovering features which will
cause maintenance difficulty in the field if not modified.

One limitation of this testing is the difficulty in making any

but relatively minor changes in equipment because of the time
and cost involved in redesign. This limitation becomes even

more severe during later stages of development.
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Step 12. Evaluate Main’taiﬁabili’ty of the System

During modification of the service test model into a prototype
(preproduction) model, make a final reappraisal of the total
design for maintainability. Modify the design to eliminate
weaknesses.

Step 13. Correct Deficiencies in the Maintainability
of Production Equipment

If maintainability testing and evaluation has been adequate; few
unsatisfactory maintainability features should remain in early
production equipment. Maintenance personnel should be alerted,
however, to look for and report on Unsatisfactory Reports any
undesirable maintainability features that do remain. The cost
and time delay required to make the indicated changes should be
weighed against the cost and delays in maintenance likely to
result from not making the change.

Step 14. Review Engineering Changes for Effect on Maintdinability

Once & piece of equipment goes into operational use, it is
modified on the basis of Unsatisfactory Reports, Failure Reports,
and Tear-Down Deficiency Reports submitted by field personnel.

.Each engineering change proposal suggesting such a modification

should include a statement of exactly how the modification will
affect maintenance at each level. This means tnat directions
for field modification should include instructions for chariging
standing procedures for use on the modified equipment. In
general, it is better from the maintenance standpoint, to make
modifications in blocks so that maintenance personnel can keep
track of them more easily.
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WADC TR 56-218 39




OVERVIEW

This section contains concrete suggestions for design features
to be included in all systems where feasible. The first nine

subsections deal with the prime equipment. The next one deals
with installation of the prime equipment. The last three sub-
sentions deal with auxiliary equipment needed for maintenance,

Suggestions for scheduling the recommendations of this section
into the developmental cycle are, in general, not included in
this section. The Design Schedule for Maintainability in
Section 3 vrovides specific guides for scheduling design for
maintainability into the technical development of the system.

In contrast to other sections in this guide, this section is
not designed to be read from start to finish, Rather, it is
an encyclopedia of design features to be referred to when
specific problems of hardware design are being considered.
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Equipment Units

Purpose of Unitizing Equipment

The primary purposes of unitizing equipment from' a maintenance
standpoint are to:

Permit division of maintenance responsibility,
particularly trouble shooting, among various
maintenance levels, This permits rapid
corrective maintenance at the line level with
additional maintenance at other levels,

Provide easy access to malfunctioning components.
It may, for example, be much easier to remove an
assembly from a major component and then work on
a part than it would be to work on the same part
when mounted directly within the major component,

Effect of Maintenance Levels and Procedures on Design of Units

There is interaction among unit design, maintenance levels, and
maintenance procedures. For example, if maintenance procedures
specify that a particuler major component should be brought to
the shop if it contains any malfunction, there is little point
in designing the component so assemblies contained within it are
removable on the line,
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The Design Schedule for Maintainability in the previous section
suggests some of the considerations for integrating the design

of units with procedures for each maintenance level, Only through
such integrated design can unitization be maximally effective for
maintenance. For example, the design of two similar major
components should probatly differ appreciably if procedures specify
that one is line replaceable and the other is not replaced at the
line level but contains a number of line replaceable assemblies,

Functional Interrelationships of Units

Minimize the number of imputs to and outputs from each unit at each
; meintenance level. This can be done by grouping circuits so that
( minirmum crisscrossing of signals between units is required,

{ No unit should have more than about 30 volts applied to it (for
heater or standby) when the main power switch for the equipment
} is turned "off."
F
P

Units should not be "married" to each other. It should be possible
to check and adjust each unit separately, and then connect the
units together into a total functioning system with little or no
additional adjustment required,

Provide overload indicators on each major component even if it
is scnetimes desirable to keep overloaded circuits in operation,

Interchangeability of Units

Regularly stocked parts should be used whenever feasible,
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As many assemblies, subassemblies, and parts should be inter-
changeable within and between equipments as feasible, Inter-
changeability of components reduces supply problems.

The number of different sizes and types of screws and quick con-
nectors used on an equipment should be kept to a minimum,

- Labeling and/or Coding of Units

All units and parts should be labeled with full identifying
information, including if possible, the Air Force stock number,

The outside covering of manufactured parts such as resistors,
condensers, and tubes should be stamped with relevant infor-
mation concerning electrical characteristics of the part, when
feasible, Direct presentation of this information makes
interpretation easier than color coding,

Fach terminal should be labeled with the same code symbol as the
wire to be attached to it.

Labels should be etched or embossed into the component or chassis
rather than merely painted or stamped on the surface,

If surface labels must be used, decals or stamped labels are
preferable to stenciled labels because they are usually easier
Lo read,

Labels should not be hidden by umits and parts. For example,
labels stamped on the chassis should not be placed under the
parts which they identify.
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MOUNTING BOLTS AND FASTENERS

Fasteners for assemblies and subassemblies should fasten or
unfasten in a maximum of one complete turn,

If bolts are needed, the number of turns required to tighten or
loosen them should be minimized,

Hand-operated fasteners are best; those requiring standurd hand
tools are acceptable; those requiring nonstandard tools should be
avoided.

Use combination-head mounting bolts with a deep internal siot
arrangement and hex head,

This type of screw can be operated with a standard
screwdriver, but a wrench can be used on Jammed
bolts,

UseThis OrThis

¥ ¥

Always provide an external-grip head on bolts requiring high
torques,

This will reduce the need to drill out bolts with
damaged slots. Even round Fillister heads permit
a grip with a vise pliers if the slot is damaged,

UseThis  OrThis  NotThis
o &

=
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Make mounting bolts semipermanently captive. Snap-on collars are
good for this purpose, They permit easy replacement of damaged

boltse.

Snap-on
Collar

Mounting bolts and fasteners should be clearly labeled as such,

An "M" embossed on the top of the head would be
good if the practice could be widely used,

Use a rust and damage resistant material for mounting bolts and
fasteners,

Mounting screws should be interchangeable whenever feasible. Use
as few different sizes as practicable,

Place heads of mounting bolts and fasteners on a surface aljacent
to the technician's work space.

UseThis NOtThis;*‘."i .,

—
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MOUNTING AND ASSEMBLING PROVISIONS

Field replaceable assemblies and subassemblies cthould be plug-in
rather than solder connected whenever feasible, This is true of
large assemblies and small subassemblies such as electrolytic
condensers, relays, and miniaturized throwaway circuits,

No more than four screws should be used for mounting a major
unit in an installation unless stress considerations require more.

Assemblies and units should be replaceable with nothing more than
common hand tools,

Units which must frequently be pulled ouc¢ of their normal installed

position for checking should be mounted on roll-out racks, slides, _
or hinges, - T/

Always provide guide pins on units and subassemblies for alignment
during mounting,

Always provide limit stops on roll-out racks and drawers to prevent
their being dropped.

It should be easy to override these limit
stops for replacement of racks and drawers,

Mount units and assemblies so that replacing one unit does not
require removal of other units for access.

Covers or shields through which mounting screws must pass for
attachment to the basic chassis of the unit should have large
enough holes for passage of the screw without perfect alignment
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LOCATION OF COMPONENTS WITHIN UNITS

Parts should be mounted in an orderly array on a "two~dimensicnal®
surface, and not '"stacked" one on another,

Orderly layout is helped by mounting parts to one side of a board
and wiring (including printed or soldered circuits) to the other
side, with electrical contacts inserted through the board.

Locate parts so thst large manufactured parts such as indicator
and magnetron tubes which are difficult to remove do not prevent
access to them.

Components should be placed so that:

1, There is sufficient space to use test probes,
soldering irons, and other required tools
without difficulty.

2. Tubes can be replaced without removing
assemblies and subassemblies.

3., Resistors, capacitors, wiring, etc. do not
interfere with tube replacement,

i. Structural members of umnits do not prevent
access to components.

5. All throwaway assemblies or parts are
accessible without removal of other
components.

If line maintenance procedures require tube replacement it should
not be necessary to remcve units from their installation to make
such replacements.

Locate all fuses so that they can be seen and replaced without
removing any other parts or subassemblies., Tools should not be
required for replacing fuses.
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Delicate components should be located where they will not be
damaged while the unit is being worked on,

For example, resistor boards should not be in a
position where the technician is likely to strike
them with his hand or arm when making adjustments.

Internal controls such as switches and adjustment screws should
not be located close to dangerous voltages.

If screwdriver adjustments must be made blind, the screws should
be mounted with their shafts vertiral so the screwdriver will
not fall out of the slot,

Components which retain heat or electrical potential after the
equipment is turned off should not be located where technicians
are likely to touch them while changing commornly malfunctioning
parts such as tubes,

Crient all miniature tube sockets with the gap facing in one
direction to help in replacing tubes.

UseThis Not This
AS!";\I >
ﬂo :I{::jf L
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STRUCTURE OF UNITS AND ASSEMBLIES

Only interconnecting wiring and structural members should be
permanently attached to the unit chassis, All parts (resistors,
corndensers, tube sockets, etc,) should be mounted on sub-
assemblies, or much of the value of unitization is lost,

Provide fold~out construction of subassemblies whenever feasible,

Position parts and wiring to prevent damage to
them from opening and closing the assembly.

Closed Open

Provide a brace or other provision to hold hinged assemblies in
the "out" position while they are being worked on.

UseThis Not This
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Provide rests or stands on which units can be set to prevent damage

to delicate parts, The rests or stands should be a part of the
basic chassis if feasible,

Use This Not This

Make stress members of units strong enough to withstand the usual
blows they receive in handling and transportation for maintenance,

Units should be small and light enough for one man to carry and
handle, whenever this arrangement is feasible technically. See
"Weight Lifting Capacity" of personnel on page 12,

Units should be designed so individuals handling them are protected
from sharp edges, points, heat, and electriecal charges,

Irregular extensions such as volts, cables, wave guides, and hoses
should be easily removable before the umit is handled. Such

protrusions are easily damaged and make handling of the unit
awkward,

Units weighing more than ten pounds should have convenient handles
to assist in removal, replacement, or carrying.

Provide handles even on small light units which would otherwise
be difficult to grasp, remove, or hold without using delicate
components as grips.
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COLOR CODING'

The meaning of colors should be explicitly stated in printed job
instructions and/or on a panel of the equipment having the color
coding,.

The meaning of a particular color should be consistent throughout
N a prime equipment and its maintenance supports, It should also
i be consistent for different equipments, insofar as this is
possible,

Only three colors of coded signal lights (e.g., for panel lights
on testers) are recommended if color defective technicians will
use them, They are aviation red, aviation green, and aviation
blue as defined by Military Specification MIL-C-25050 (ASG),

29 October 195k, Colors, Aeronautical Lights and Lighting Equip-~
ment, General Requirements for. Don't use white or yellow with
the three recommended colors because color defective technicians
may confuse red with yellow and green with white,

Surfaces painted with the colors listed below will be clearly
distinguishable from each other.

Rt vt o LB Blue.....10B 7/6 White...1755
Orange..1210 Purple,..2715 Black...1770
Yellow..1310 Gray.....1625 Buff....17L5

Black, white, yellow, and blue are easily distinguishable by
most persons, even those with defective color vision (who comprise
about six percent of the male population),

1, These suggestions are taken primerily from the following two sources:
Beker, C, A, and Grether, W, F, (Refirence 1
Spector, P., Swain, A, D., end Meister, D, (Bsference 7)

2. The pumbers refer to colors for ready mixed paints (Reference 9) with the
exception of blue 10B 7/6 which follows Munsell, A, H, (Reference 6),
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If more than four colors are needed, the other colors listed above
are the best even for persons with defective color vision.

No more than the nine different colors suggested above should be
used on any one equipment, This will usually be more than enough
to differentiate parts of the equipment, However, if more are
needed, check patterns of contrasting colors should be used
rather than using solid intermediate colors. Some combinations
of contrasting colors are suggested below:

White--=cecm—a-—-- Black

. White--—---——-==~-- Red
Bright yellow----- Black

¥ - Bright yellow—---- Blue

OTHER CHARACTERISTICS FOR UNITS

Treat metal surfaces as necessary to inhibit corrosion,

Maintenance is msually easier when a whole unit rather than a
circuit or portion of a circuit running through a unit is
pressurized,

Units containing mechanical components such as gear trains should
have provision for lubrication without disassembly or shou.d not
require lubrication (be sealed in a lubricant).

Colors should be permanent. They should not wear off or fade.
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Covers and Cases for Equipment Units

STRUCTURE

Design so that cases can be 1lif ted off units rather than urits
1lifted out of cases., This is particularly true of heavy units.

UseIhis Nq‘l’This

Make cases enough larger than the units they cover so that wires
and other components are not likely to be damaged when the cases
are put on or taken off.

Guides and tracks help to prevent cases from cocking to one side
and causing damage,

When the edges of a case must be slid over rubber stripping or
other sealing material, the sealing material should be adhered
tightly enough so that it does not buckle or tear, damaging the
seal or jamming the case,

Use hinged covers to reduce the number of fasteners needed.
Nonpressurized units may need only one fastener with a hinged
cover. Keep in mind that a hinged cover requires a space equal
to the size of the cover in which to open, which may be a
disadvantage.
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% Covers and Cases for Units

The method of opening a ccver should te obvious., If it is not
obvious from the construction of the cover itself, an instruction
plate should be permanently attached to the outside of the cowver.

It should be obvious when a cover is in place but not secured.
Ott :mwise, the unit may be picked up by its loose cover and
dropped.

Covers and cases should have rounded corners and edges for
safety.

FASTENERS FOR COVERS

Make maximum use of tongue-and-slot catches to minimize the
number of fasteners required.

UseThis

Use as few fasteners as possible to maintain required strength
and bonding.

In most cases one fastener at each corner of a
rectangular cover or three on a round cover will
be adequate. In some cases one fastener at each
end of a diagonal will be enough.
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® Covers und Cases for Units

Use the same size and type of fasteners for all covers and cases
on a given equipment where practicable.

Exception: If a system has one or two pressurized
units requiring large fine threaded screws to hold
the pressure, do not use *uat type of screw on

other units having only dust covers., Use quick-
acting fasteners on the dust covers.

Screws with different threads should be different sizes. Other-
wise they may be forced into the wrong holes and stripped,

See also "Mounting Bolts anc Fasteners," page Ll.

HANDLES

Provide handles on covers to facilitate removal of the cover and
carrying of the unit.

Use This Not This
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©® Covers and Cases for Units

=

Locate handles over the center of gravity of units so they do not
tend to tip when being lifted or carried,

" Handles which technicians must

grip firmly should be at

least four and one-half inches

in height and two inches in

depth, Handles which are

smaller will cause technicians' |
hands to be squeezed, result- Motz =
ing in discomfort and inability 4
to exert full force.
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OTHER CHARACTERISTICS FOR COVERS d

=y
B

Covers and cases should have their own stock numbers in the event
tuey have to be replaced.

" Ventilation holes in covers should be small enough so test probes
I or other conductors cannot be inserted inadvertently and touch
i high voltage sources.
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Interconnecting Wires and Cables

WIRE AND CABLE CONS7TRUCT!ON

Cables should be long enough so that:

Each functioning ﬁnit can be checked in a convenient
place. (Extension cables should be provided where
this is not feasible.)

Units in drawers and slide-out racks can be pulled out
without breaking electrical connections, and connectors
can be reached easily for replacement or repair.

Units which are difficult to connect when mounted
can be moved to a more convenient position for
connecting and disconnecting their cables,

Length of cables should be the same for each installstion of a
given equipment if circuit functioning may be significantly
affected by differences in cable length,

Even if component adjustment can compensate for
differences in cable length, the use of di.ferent
cable lengths in different installations may make
bench adjustments inaccurate for a piven install-
ation. An adjustment which is correct for the
bench mock-up may throw an installed equipment out
of tolerance if it has different lewngth cables,

® Wires and Cables

Cable harnesses should be designed so that tney can be fabricated

in a shop or factory and installed as a uni’,

Cables should be "fanned out" in Jjunction boxes for checking if
other test points that will give the same information are not
provided. This arrangement requires that each check point be
accessible for test probes and be clearly labeled. It also

requires that maintenance instructions and diagrams indicate the

location (physical and functicnzl) and use of these points,

WALC TR 56-218 57




® Wires and Cables

CABLE ROUTING

Route cables so that:
They cannot be pinched by doors, lids, etce

They are very unlikely to be walked on <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>